Abstract: Brine shrimp Artemia nauplii, an important live food used in aquaculture, were enriched with five marine oil triacylglycerols (TAG) in order to enhance n-3 highly unsaturated fatty acids (HUFA) essential for fish larvae. Positional distribution of fatty acids in TAG was determined for both of the enriched Artemia nauplii and dietary marine oils. In all of the enriched Artemia nauplii, docosahexaenoic acid was preferentially located in the sn-1,3 position followed by the sn-2 position. Icosapentaenoic acid was preferentially located in the sn-2 position. Distribution patterns of these fatty acids were not similar to those in dietary TAG of fish oil origin. Positional distribution of HUFA characteristic of marine fish TAG does not appear to hold for Artemia TAG during the HUFA enrichment. 2 Experimental 2 1 Marine Oil TAG Used for Artemia Enrichment TAG of fish oils [bonito head oil, tuna orbital oil, sardine oil, and HUFA-concentrated fish oil (Larodan Fine Chemicals, Malmö, Sweden)] and marine mammal oil (seal oil) were used for enrichment of Artemia nauplii. The TAG were isolated from the oils by column chromatography on Silicagel 60 (Merck, Darmstadt, Germany) with hexane/ethyl ether for elution.
Introduction
Brine shrimp Artemia nauplii are used in aquaculture as an important live food for marine fish larvae. However, they are poor in essential n-3 highly unsaturated fatty acids (HUFA) and docosahexaenoic acid (DHA) in particular. In order to ensure successful production of fish larvae, the nauplii are reared on HUFA-containing oils for 18-24 h prior to being fed to fish larvae (1, 2) . This process is called HUFA enrichment of Artemia nauplii. Marine oils, such as ordinary cod liver oil and DHA-rich tuna orbital oil, have been used for enrichment as well as ethyl ester-type products.
During the enrichment of Artemia nauplii, n-3 HUFA mainly increase in triacylglycerols (TAG) of the nauplii (3) (4) (5) . Recently it was revealed that DHA fed to Artemia nauplii was preferentially esterified in the sn-3 position of TAG followed in sequence by the sn-1 and sn-2 positions (6) . This result indicates that DHA was incorporated into the primary position [sn-1,3 position] of TAG rather than the secondary position [sn-2 position]. However, this positional distribution was obtained by enrichment with highly pure DHA ethyl ester (>99%) not used for practical enrichment.
In the present study, Artemia nauplii were enriched with TAG of f ive marine oils usable for practical enrichment. Differing from ethyl esters, n-3 HUFA in these TAG are esterified to the glycerol backbone with specific distribution patterns. The aim of the present work is to reveal whether positional distribution of n-3 HUFA in the Artemia TAG is different from those in the dietary marine oil TAG. For this purpose, both of the 2 3 Fatty Acid Analysis of TAG Total lipids (TL) were extracted from Artemia nauplii by the method of Bligh and Dyer (9) . TAG were separated from other lipids by column chromatography on Silicagel 60 with hexane/ethyl ether for elution, followed by preparative thin-layer chromatography (TLC) on Silicagel 60G plates (Merck) with hexane/ethyl acetate (90 : 10, v/v) for development. Fatty acid methyl esters were prepared by reacting a portion of TAG in a mixture of dry dichloromethane (0.6 mL), methyl acetate (25 mL) and 1 M sodium methoxide/ methanol (25 mL) under nitrogen at room temperature overnight. After adding acetic acid (9 mL) and removing solvents, the products were taken up in hexane. Fatty acid methyl esters were analyzed by gas-liquid chromatography (GLC) on a Shimadzu GC-14A gas chromatograph (Shimadzu Co., Kyoto) equipped with a capillary column Omegawax 320 (30 m 0.32 mm I.D., 0.25 mm film thickness; Supelco Inc., Bellefonte, USA) and a flame ionization detector. Column temperature was 200 , and injector and detector temperatures were 250 and 260 , respectively. Helium was the carrier gas.
4 Regiospecific Analysis of TAG
Positional distribution of fatty acids between the sn-1,3 and sn-2 positions of TAG was determined by regiospecific analysis of TAG. A part of the method for stereospecific analysis of fish oil TAG (10-12) was used as follows. TAG (40 mg), mixed with trinonadecanoylglycerol (5 mg) and tridodecanoylglycerol (40 mg), were dissolved in 3 mL of dry ethyl ether, and ethyl magnesium bromide in dry ethyl ether (0.33 mL of 3 M solution) was added. The mixture was shaken for 1 min, and then glacial acetic acid (0.1 mL) and water (3 mL) were added to stop the reaction. The products were extracted with ethyl ether, washed several times with 2% (wt/wt) aqueous sodium bicarbonate followed by water, and dried over anhydrous sodium sulfate. After removal of the solvent in a stream of nitrogen at room temperature, 1(3)-and 2-monoacylglycerols (MAG) were immediately isolated by preparative TLC on boric acid-impregnated silica gel plates [20 10 cm, 0.5 mm thickness, boric acid 10% (wt/wt) to Silicagel 60G] developed twice in chloroform/methanol (98:2, v/v) containing 0.002% of butylhydroxytoluene. Ether extracts of the 1(3)-and 2-MAG were washed with water and dried over anhydrous sodium sulfate. 
